Fast-flow spherical homogeneous agarose beads were prepared by an emulsification method, and were cross-linked and activated by repeated treatment with allylbromide and bromine/water, followed by alkali. Bis(2-aminopyridyl)dioxime (APD) was synthesized by the reaction of 2-aminopyridine, and dichloroglyoxime and characterized by melting-point as well as IR,
Introduction
The chemistry of transition-metal complexes with vic-dioxime ligands has been widely studied. [1] [2] [3] The presence of mildly acidic hydroxyl groups and slightly basic nitrogen atoms make vic-dioximes amphoteric ligands that form stable complexes with transition-metal ions, such as Ni 2+ , Cu 2+ , Fe 3+ , Co 2+ and Co 2+ as central atoms. [3] [4] [5] [6] [7] vic-Dioximes and their metal complexes have played a significant role in stereochemistry, model systems of biochemical interest, chromatography, analytical chemistry, catalysis, stabilizers, polymers and pigments and dyes. 8 Agarose is a strongly hydrophilic, chemically inert and microbiologically resistant material. 9 It is quite stable in gel form, but its mechanical stability is not sufficient when it is used for column packing, unless a cross-linking procedure is used.
Different reagents, such as cyanogens bromide, 10 epichlorohydrine, 11 toluenesulfonyl chloride 12 and allylbromide, 13 have been used for cross-linking and/or activation of agarose. Repeated treatment of agarose with allylbromide and bromine/water, followed by alkali, results in epoxy activated particles with a controlled extent of cross-linking and rigidity. 13 In previous studies [14] [15] [16] [17] we have reported the use of commercially available, cross-linked agarose in the column preconcentration of metal ions. One of the problems with using of agarose columns in such systems is their relatively high back pressures, which limits the use of fast flow rates when an ordinary peristaltic pump is used.
The aim of this study is to prepare fast flow agarose particles and their application in selective column preconcentration of metal ions. For this purpose, a novel vic-dioxime is synthesized to be chemically linked to the agarose support. The resulting adsorbent is then applied to the development of an efficient, simple and highly selective method for the preconcentration and flame AAS determination of Cu 2+ in water samples. Since the recovery of the metal ion in the column preconcentration system can depend on a variety of factors whose relative importance are unknown, a factorial design is applied in order to identify the effects of different variables on its recovery and finding out possible interactions between the main factors. 17 
Experimental

Apparatus
A flame atomic absorption spectrometer (Shimadzu AA-670, Japan) employing an air-acetylene flame was used for the determination of copper and other elements under the manufacturer's recommended conditions.
An ET-AAS (Shimadzu AA6650, Japan) with a deuterium lamp background correction was used for direct determinations of copper in samples, using an ordinary calibration curve method. Hollowcathode lamps were employed as radiation sources. For pH determinations, a Jenway (USA) Model 3020 with a combined glass electrode (Sentech, UK) was used after calibration against standard Merck buffers.
An optical microscope (Leitz, Laborlux 12, Germany) was used for monitoring agarose 1 HNMR, 13 CNMR and MS spectroscopies. APD was chemically linked to activated agarose beads to be employed for the column preconcentration of metal ions. Capacity measurements for eight metal ions indicated a high selectivity of the adsorbent towards Cu 2+ with a capacity of 25.7 µmol per ml packed adsorbent. A factorial design was used for optimization of the effects of 5 different variables on the recovery of Cu 2+ . Under the optimized conditions, Cu 2+ was quantitatively accumulated on a 0.25 ml packed column of the adsorbent in the pH range of 4 to 6, and simply eluted with 2 ml of a 1 mol l -1 hydrochloric acid solution. The column could tolerate salt concentrations up to 0.5 mol l -1 , sample flow rates up to 15 ml min -1 , and sample volumes beyond 1000 ml. Matrix ions of Na + , Mg 2+ and Ca 2+ and potentially interfering ions of Ni particles. A thermostated water bath (Jeio Tech, DTRC-620, Korea) was used for the tempreture-controlled preparation of agarose particles. Polypropylene tubes with 5.5 mm i.d. were used with two end frits for holding the adsorbent. A peristaltic pump (EYLA, Japan) was used for pumping solutions through columns.
Chemicals and reagents
The chemicals and reagents were of analytical reagent grade (Merck, Germany) and used as received. Doubly distilled water, prepared by a totally glass Fisons (UK) double distiller, was used for all the dilutions.
Methods
Stock metal ion solutions (1000 mg l -1 ) were prepared by dissolving required amounts of their chloride or nitrate salts in 10 ml of concentrated hydrochloric acid and diluted to 250 ml by water. Standard and test solutions were prepared by dilution of the stocks. The test solutions were usually buffered with a 0.01 mol l -1 acetic acid/ammonium acetate buffer and pH adjusted with the dropwise addition of 0.1 mol l -1 solutions of HCl or NaOH before enrichment on a column.
For packing and pretreatment of columns and capacity measurements, a method described elsewhere was used. 17 Preconcentration and recovery experiments were usually performed by pumping 50 ml of a buffered test solution through a pretreated 10 mm column. The column was then washed with a few ml of 0.01 mol l -1 acetate buffer and eluted by 1 mol l -1 hydrochloric acid. The eluate was collected in small capped vessels and measured by flame AAS against matched standards.
All of the field samples were acidified to pH 2 upon collection, and filtered to remove any particulate matter. These samples were pH adjusted immediately before preconcentration and treated with essentially the same method as the test samples. The enriched volume was 250 ml in this case.
Preparation of spherical agarose particles
Spherical homogeneous agarose particles (beads) of the particle size range (45 -400 µm) were prepared according to a known emulsification method described by Gustavsson et al. 18 A 20 ml solution of 6% (w/v) agarose was prepared by dissolution of the required amount of agarose powder in boiling water. The temperature was then adjusted on 60˚C in a water batch and 40 ml of cyclohexane containing span 85, 4% (v/v), with the same temperature, was added to the solution. The mixture was thoroughly stirred during the addition of cylohexane. After 3 min the mixture was cooled to room temperature by adding ice to the water bath. A cooling rate of about 5˚C/min was used. The spherical particles were then washed with ethanol and water and sized using graded metal sieves. Agarose particles with size ranges of 45 -100, 100 -200, and 200 -400 µm were obtained in this way. Agar particles were prepared by simply grinding and sieving an agar powder (Merck).
For increasing the rigidity of the particles, a patented method, described by Lindgren, 13 was used with some modifications. Agarose (or agar) was first reacted with allylbromide in an alkaline medium, followed by a treatment with bromic water. In this way agarose was cross-linked in a defined way, and the number of side-reactions was minimized. This process was repeated until the desired rigidity was obtained.
For testing the particles rigidity, pressure-flow rate charts were graphed using a home-made device. A column was packed with 0.5 ml agarose particles and water was pumped through the column with a peristaltic pump. The pressure was monitored by an ordinary pressure gauge while the rate of the pump was gradually increased.
Synthesis and characterization of APD
For the synthesis of bis(2-aminopyridyl) dioxime (APD), a stirred mixture of 40 mmol 2-aminopyridine and 10 mmol dichloroglyoxime in 50 ml CH3CN was refluxed for 2 h. The reaction mixture was then cooled to room temperature and the formed red participate was filtered, washed with cold CH3CN and recrystallized in ethanol. A yield of 88.5% and a melting point of 177.8 -179.0˚C was obtained for the product. The crystals were further characterized by IR, 1 HNMR, 13 CNMR and MS spectroscopies.
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Preparation of APD-agarose adsorbent
About 0.2 g of APD, dissolved in 2 ml of 1 mol l -1 sodium hydroxide, was added to a 5 ml 0.5 mol l -1 Na2CO3 solution and diluted to 20 ml by doubly distilled water (the pH was measured to be 12.0). About 1.5 ml of the epoxy activated agarose particles were suspended in the mixture and the suspension was agitated for 36 h. The mixture was then filtered on a glass funnel and the particles were washed by 20 ml of a 1 mol l -1 NaOH solution and the same volume of water. Deactivation of the remaining active sites was made by suspension of the adsorbent in 25 ml of a 1 mol l -1 sodium hydroxide solution and agitation for an extra 24 h. Finally, the adsorbent was washed by water and ethanol and stored at 4˚C under 20% ethanol.
The fractional factorial design test
For performing the factorial design test, five parameters were selected as factors that would affect the column extraction of Cu
2+
, and tested at two levels. The parameters were the pH, column length, ionic strength, flow rate and sample volume, respectively. The high and low levels defined for the factors are listed in Table 1 .
For five factors with two levels for each, there are 2 5 or 32 possible combinations in a full factorial design. 19 In this case, we used an incomplete design with 2 5-1 = 16 experiments using the computer program Statgraphics. 20 We also added three center points in order to have an estimate from the experimental error. An ANOVA (analysis of variance) test was used in order to identify the effect of individual factors and their second order interactions. Higher order interactions were assumed to be negligible in the applied half-fraction design. The recovery was defined as the dependent variable and the five selected factors as independent variables in this test.
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Results and Discussion
Preparation of the adsorbent particles
Since agar is relatively cheaper and more easily available than agarose, substantial effort was made to prepare agar particles with appropriate rigidity and size to be used for column packing. However, the results were not satisfactory, and we could not attain agar particles with sufficient rigidity, even after several times of repeating the cross-linking procedure. In addition, it was found that the particles become glued together during storage.
Spherical agarose particles were prepared in three size ranges of 45 -100, 100 -200 and 200 -400 µm. Figure 1 shows a micrograph from 200 -400 µm particles. The particles seem to be uniformly sized and somewhat porous. Figure 2 indicates pressure-flow charts for spherical agarose particles with different sizes and cross-linking. The advantage of using larger and more cross-linked particles is evident. Since a higher sample flow rate is achieved with the larger particles, the experiments were continued with 200 -400 µm particles with two cycles cross-linking.
A comparison with previousely used commercial agarose particles (Novarose, Inovata AB, Stockholm, Sweden), with 40 -60 µm size, indicated that a higher flow rate could be achieved with the newly prepared particles. At a 120 kPa pressure, for instance, flow rates of 30.4 and 43.6 ml min -1 were achieved for the Novarose and the new 200 -400 µm agarose particles, respectively.
Synthesis and capacity of the adsorbent
The APG contains two oxime groups that are sufficiently strong nucleophils to react, in an alkaline pH, with the epoxy groups of the activated agarose. The binding capacity of the synthesized adsorbent was measured for Cu 2+ , Zn 2+ , Ni 2+ , Ag + , Pb 2+ , Co 2+ , Hg 2+ and Cd 2+ at pH 5.5. As shown in Table 2 , the capacity for copper is 25.7 (±2.6) µmol per ml packed adsorbent, but for the other metal ions it is quite low. The results indicate a relatively high selectivity of the adsorbent for copper. Therefore, the rest of the work was focused on optimization of the experimental conditions for the preconcentration of copper.
Effect of the pH on the recovery
The effect of the pH on the accumulation and recovery of Cu 2+ from the column was studied in a pH range of 3.0 to 9.0.
Triplicate measurements were performed for each studied pH. Figure 3 depicts the recoveries as a function of the pH. Quantitative recoveries were obtained over a pH range of 4 to 6.
Effect of the volume and concentration of the eluent
To achieve a maximum preconcentration factor, it is often 1299 ANALYTICAL SCIENCES NOVEMBER 2005, VOL. 21 desirable to use a minimum volume of the eluent for column elution.
A lower eluent concentration also reduces the consumption of chemicals and the risk of possible contaminations. The minimum amount of the eluent required for complete elution of the column was tested by using various HCl volumes and concentrations. Using acid volumes between 1 to 10 ml and acid concentrations between 0.01 to 1.0 mol l -1 indicated that a 2 ml volume of 0.5 mol l -1 HCl is sufficient for the complete desorption of copper from the column.
The factorial design and optimization
The relative importance of different variables and the possibility of interactions between them were studied using a half fraction factorial design test. The low and high levels chosen for the factors were according to previous experiences and the results of some preliminary experiments. Although the pH had already been studied (see Fig. 3 ), it was included in the test to study its possible interactions with other factors. The other factors studied were the column length, ionic strength, flow rate and sample volume (see Table 1 ).
By performing the 19 runs (including three center points) in randomized order, recoveries in the range of 22.5 to 98.4% were obtained. Table 3 depicts the data of the ANOVA test performed by the Statgraphics program. The standard error of the estimate, calculated from the standard deviation of the residuals, was 16.557 and a mean absolute error of 4.791 was obtained from the average value of the residuals. Figure 4 represents the standardized Pareto chart, which is a horizontal barchart. The length of each bar on the chart is proportional to the absolute value of its associated estimated effect or the standardized effect.
Among the studied effects, the B (column length) and D (flow rate) factors show p-values of less than 0.1, indicating that the effect of these factors is statistically significant at a 90% confidence level. The effects of these factors were, hence, studied more carefully.
Effects of the column length and the sample flow rate
The effects of the significant factors of the column length and the sample flow rate were studied more carefully. It was found that a minimum column length of about 26 mm is required for a sample flow rate of 6 ml min -1 . Increasing the sample flow rate for this column resulted in some losses of the analyte, as expected. For a 30 mm length column, on the other hand, a sample flow rate of up to 15 ml min -1 was well tolerated. Since the two factors of the column length and the sample flow rate have no significant interaction (see Table 3 ), and are principally related (both influence the "contact time" of the analyte with column), their combined effect was investigated by plotting the contact time against the recovery. As shown in Fig.  5 , the two parameters are well correlated. The figure also indicates that the contact time between Cu 2+ and the APGagarose adsorbent should not be less than about 2.6 s to achieve a quantitative recovery.
Analytical performance
The preconcentration procedure for trace metals can be strongly affected by other constituents that are naturally present in a sample. For this reason, the reliability of the proposed method was examined by recovery measurements in the presence of possible interfering ions. The interfering metal ions were added to some model samples as their nitrate, chloride, sulfate and acetate salts. concentrations of the matrix ions as well.
For a sample volume of 1000 ml and a preconcentration factor of 500, a detection limit of 0.16 µg l -1 was obtained for Cu 2+ measurements with a flame AAS instrument. By using more sensitive techniques, such as ET-AAS, much lower detection limits can, certainly, be obtained. An estimate of the precision of the preconcentration technique (expressed as RSD) was calculated for 12 replicated analyses at a Cu 2+ level of 0.5 mg l -1 and 9 analyses at a Cu 2+ level of 0.02 mg l -1 to be 1.1 and 3.1%, respectively.
Application for real samples
The proposed method was applied to the determination of copper in a river water sample from Khorram Abad river (Khorram Abad, Iran) and a seawater sample from Persian Gulf (Booshehr, Iran). A direct copper determination in the seawater sample was not possible by ETAAS (with D2 background correction) due to the very high background absorbance observed. The results (shown in Table 5 ) indicate good agreements between the added and recovered copper in the samples.
It is concluded that the chemical bond between the APD ligand and the -OH groups of the agarose support results in a stable adsorbent that is efficient for the selective and quantitative recovery of copper in natural samples. The method is fast, highly selective, sensitive and precise and is free from common inorganic interferences. A single packed column did not show any leakage of the ligand or change of its efficiency after 8 months of its usage with more than 300 times of enrichment-elution cycles. ; other experimental conditions, as in Fig. 5 . b. Standard deviation of recovery for 2 replicates. a. Experimental conditions are as in Table 4 . b. The numbers between parentheses are %RSDs for n = 3. c. Measured directly by ET-AAS.
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